Abstract False memory effects were explored using unrelated list items (e.g., slope, reindeer, corn) that were related to mediators (e.g., ski, sleigh, flake) that all converged upon a single nonpresented critical item (CI; e.g., snow). In Experiment 1, participants completed either an initial recall test or arithmetic problems after study, followed by a final recognition test. Participants did not falsely recall CIs on the initial test; however, false alarms to CIs did occur in recognition, but only following an initial recall test. In Experiment 2, participants were instructed to guess the CI, followed by a recognition test. The results replicated Experiment 1, with an increase in CI false alarms. Experiment 3 controlled for item effects by replacing unrelated recognition items from Experiment 1 with both CIs and list items from nonpresented lists. Once again, CI false alarms were found when controlling for lexical characteristics, demonstrating that mediated false memory is not due simply to item differences.
In the Deese/Roediger-McDermott (DRM) paradigm, participants are presented with word lists of associatively related items (e.g., bed, rest, tired, dream, slumber) that all converge upon a single, nonpresented critical item (e.g., sleep; Deese, 1959; Roediger & McDermott, 1995) .
Participants demonstrate robust false memories for this critical item (CI) as having been presented during a previous study episode, even though the CI itself was not studied. This effect has been demonstrated across several types of testing conditions, including recall, recognition Roediger & McDermott, 1995) , implicit stem completion (McDermott, 1997) , and part-list cuing (Bäulm & Kuhbandner, 2003) , as well as across different presentation manipulations, including duration (see Gallo, 2006 Gallo, , 2010 , for reviews), number of study items (Robinson & Roediger, 1997) , and nonconscious processing (Cotel, Gallo & Seamon 2008) . Taken together, these studies demonstrate that the DRM false memory effect may only be slightly moderated by differences in testing and presentation procedures; however, the cause of these false memories may be contingent on the associative characteristics of the list items themselves.
Evidence for the importance of association between the studied list items and the CI is not new. Deese (1959) demonstrated that backward associative strength (BAS) from the list items to the CI was strongly correlated with the probability that a participant would intrude the critical item during recall. Roediger, Watson, McDermott and Gallo (2001) conducted a regression analysis to determine the list characteristics that best predict false memory of the CI. The results indicated that across variables, BAS was the best predictor of critical intrusions on DRM lists, demonstrating the importance of direct semantic association for false memories (cf. Hutchison & Balota, 2005) . Although the DRM effect highlights the importance of associative strength in the production of memory errors, only direct relations between the CI and the list items have been examined to date. The purpose of the present study was to examine false memory effects by using study items that are indirectly associated with a nonpresented CI via nonpresented mediators.
Evidence for the influence of indirectly associated words on target recognition has been demonstrated through research examining semantic priming. The semantic priming effect refers to the finding that participants are faster to respond to a word (e.g., table) if it was preceded by a related word (e.g., chair) than if it was preceded by an unrelated word (e.g., pencil; Meyer & Schvaneveldt, 1971; Neely, 1977) . In mediated priming experiments, participants respond to word items (e.g., beach) that are indirectly related to a preceding prime (e.g., box) through a nonpresented mediator (e.g., sand). The main finding of these experiments is that, similar to semantic priming, participants are faster at responding to targets following primes related via a mediator (e.g., beach-box) than to targets following unrelated primes (e.g., fence-box). Mediated activation is typically explained through the spreading activation model (Collins & Loftus, 1975) . According to spreading activation, when a concept becomes activated, this activation not only spreads to directly related concepts, but also to indirectly related concepts (Balota & Lorch, 1986; Chwilla & Kolk, 2002; McNamara & Altarriba, 1988) . Priming effects occurring over one or more associative steps have, until recently, been considered some of the best evidence for a spreading activation theory of semantic priming (Hutchison, 2003) ; however, more recent data have suggested that the spreading activation account alone may not be able to explain all mediated effects, with some results supporting an additional integration or semantic matching account (cf. Hutchison & Davis, 2010; Jones, 2010) .
A critical question when researching episodic false memory effects is whether the increase in false memory for nonpresented items occurs because of lexical associative activation from the studied items to the CI or because of gist extraction-the extraction of meaning from the list items that facilitates processing of the nonpresented CI. The notion that the organization of conceptual representations plays a large role in memory performance is well established. For example, Bousfield (1953) reported that when participants studied a word list of random items, subsequent free recall tests were often organized such that items would be grouped by a related category. Similarly, Miller (1956) suggested that combining list items in categorizable "chunks" could increase the relatively limited capacity of short-term memory. Categorically related stimuli also tend to influence recall performance, with participants recalling a greater number of items when studying related word lists as opposed to unrelated word lists (cf. Rabinowitz, Craik & Ackerman, 1982) . These effects occur even when item characteristics such as frequency, word length, concreteness, familiarity, and imageability are controlled (Huff, Meade & Hutchison, under review) . Taken together, semantic organization appears to improve memory; however, this organization could come at a cost if individuals produce a plausible, semantically similar item that was not presented during study.
Fuzzy-trace theory (Brainerd & Reyna, 1990 ) accounts for such organization-based false memories by reference to verbatim and gist representations. For example, when an individual is presented with the word "tired," a verbatim representation is stored, consisting of specific presentation details of the word itself, as well as a gist representation containing the overall meaning of the word, "lack of energy." Because false memories would not possess a verbatim representation, the manifestation of false memories is presumably due to the stored gist representation being retrieved at recall. The powerful DRM effect emerges because the meaning of the nonpresented CI is similar to several gist representations stored during encoding of the list (Brainerd & Reyna, 2002) .
A strength of the fuzzy-trace theory is its ability to predict long-term false memories. Specifically, DRM false memories can be long-lasting, with recall and recognition effects persisting months after study (Seamon et al., 2002) . Over a delay, verbatim traces fade at a faster rate than the gist traces. These persisting gist traces are responsible for the production of the CI. In contrast, implicit associative activation tends to be short-lived following a single item (Neely, 1977) or even an entire DRM list (Meade, Watson, Balota & Roediger 2007 ; but see Tse & Neely, 2005) , predicting an absence of DRM false memories following a delay. In order to account for this discrepancy, Meade et al. (2007;  see also Hutchison & Balota, 2005) hypothesized that participants engage in retrieval-mode processing (Tulving, 1983 ) after a delay, during which the deliberate attempt to retrieve items from episodic memory causes reactivation of the associative network encoded during study.
The greatest problem in trying to separate the contributions of gist extraction versus associative spreading activation when studying DRM false memories is that BAS and similarity in meaning are highly confounded. Associated items share a variety of semantic relations, and strong associates tend to have a larger overlap in semantic features (Hutchison, 2003) . As a result, higher-BAS lists may be more thematically consistent with the CI. In addition, Brainerd, Yang, Reyna, Howe and Mills (2008) found that high-BAS lists tend to have CIs that have been independently rated as more familiar and meaningful in Toglia and Battig's (1978) semantic word norms. Thus, it may have been these semantic characteristics of the critical items themselves, rather than BAS, that led to higher false memories in such lists.
In an attempt to separate these factors, Hutchison and Balota (2005) held BAS constant, while manipulating the number of meanings present in a study list. One set of items used were lists similar to those used in typical DRM experiments, in which all items converge upon one nonpresented CI that has a single meaning. The other set of items were lists that each converged upon a single homograph CI (e.g., fall), but one half of the items converged upon one meaning of the homograph ("stumble"), and the other half converged upon the other meaning ("autumn"). The authors hypothesized that if false memories were due to gist extraction, false memories would increase along with increased list length for DRM-type lists, but not for homograph lists in which the additional items related to the second meaning. This is because adding the second meaning on homograph lists would conflict with the gist representation already formed from the first meaning. Conversely, if false memories were due to associative activation, the addition of items on DRM-type lists and the second meaning on homograph lists would increase false memories equally, because the corresponding associative strength would increase equally for both list types. The results indicated that when a second homograph meaning was studied, the increase in CI intrusions was identical to the increase in CIs when only one meaning was studied (i.e., DRM lists), supporting the associative activation over the gist extraction account. Hutchison and Balota (2005) also manipulated the consistency of meaning between list items by using homograph word lists that either were blocked or alternated by meaning. Thematic consistency and gist identifiability should have been greater when meanings were blocked, relative to when meanings were alternated. However, crossexperimental comparisons revealed that participants falsely recalled CIs at similar rates, regardless of whether homograph lists were blocked or alternated by meaning, despite a drop in veridical recall for alternated lists. Further, when participants were asked to judge CIs on how similar in meaning they were to items in a studied list, DRM items were judged as more similar than homograph items, despite no differences in false memories between the two item types. Thus, the authors concluded that the thematic consistency of meaning in studied lists does not appear to play a role in the occurrence of DRM false memories.
The present set of experiments also sought to separate gist-and association-based false memory representations, by using lists in which no relations were shared between the items, nor did the items share a common gist representation; instead, items were only indirectly related, through mediators that converged upon a single, nonpresented CI. If false recognition effects can occur in the absence of thematic consistency between items, gist extraction processes could not then account for false memory effects. In essence, by presenting participants with word items that are only related to a nonpresented CI through mediators, these experiments effectively tested associative-based false memory processes in the absence of gist-based strategic relational processing.
In the experiments reported here, we presented participants with study lists composed of word items directly associated with mediators that, in turn, all converged upon a single nonpresented CI. There was little to no association between list items themselves, and no direct association between a study item and the CI. In Experiment 1, participants studied items at two durations, followed by an immediate recall test or by arithmetic problems. At the end, participants completed a final recognition test over all studied lists. The critical research questions for Experiment 1 were whether there would be an increase in false alarms for CIs relative to new unrelated items and whether these false alarms would differ as a function of presentation duration and initial recall test. In Experiment 2, we examined whether participants might become consciously aware of the mediated CIs during study, but choose not to report them during recall. In Experiment 3, we explored the possibility that increased false alarm rates for mediated CIs might be due solely to lexical characteristics within the items themselves. Results across all experiments demonstrated strong support for mediated false memory effects, and these effects were not due to conscious processing of CIs or item differences that occurred on the final recognition test. Furthermore, these experiments demonstrated support for association-based processes underlying false memory effects.
Experiment 1

Method
Participants Forty male and female undergraduates at Montana State University participated in exchange for partial completion of a research requirement for an introductory psychology course. All were native English speakers with normal or corrected-to-normal vision.
Materials Mediated triads (e.g., summer-winter-snow) were used to create 24 word lists (presented in the Appx.) composed of 8 items each using the Nelson, McEvoy and Schreiber (1999) word association norms. The mediated items were taken from Balota and Lorch (1986) . These lists were constructed by generating 8 items (e.g., ski, sleigh, flake, . . .) with high associative strength to a target word (e.g., snow). Using this list of 8 mediators, study list items were created by taking the word with the greatest associative strength to the mediator that did not also have an association to the target (e.g., slope, reindeer, corn, . . .), producing unrelated 8-item word lists that were directly associated with a list of mediators that then converged upon a single nonpresented target. During study, these lists were blocked together in pairs to create 12 word lists, each 16 items in length. Therefore, for each studied list, participants could potentially recall or recognize two critical nonpresented targets.
The final recognition tests were composed of 1 critical item, 2 list items, and 3 unrelated nonpresented words from each 8-item study list, resulting in a total of 144 recognition items. These items were split into two groups to form two 72-item recognition tests that were each presented at the end of the first and second halves of the experiment. Unrelated test items were selected using the English Lexicon Project database ) and were matched to list items based on average word length and logarithmic frequency of occurrence in the English language via the Hyper Analogue to Language database (Lund & Burgess, 1996) .
Procedure All stimuli were presented and the recognition test was completed using E-Prime software (Schneider, Eschman & Zuccolotto 2002 ). Each participant was tested individually and was seated approximately 60 cm away from a VGA monitor. Participants were presented with instructions on the monitor that were read by the experimenter to the participant. Participants were informed that they would be presented with a list of words at either a 500-ms or a 3,000-ms duration and that their task would be to attend to each item in preparation for a later memory test. The interstimulus interval (ISI) for each list was 500 ms. The 500-and 3,000-ms list durations were counterbalanced across participants. Following the presentation of each word list, participants then completed either a recall test on a separate sheet of paper or arithmetic problems for 60 s. Following six study-test/arithmetic trials, participants completed a 72-item old/new judgment recognition test in which they were informed to respond quickly but without compromising accuracy.
Following the recognition test, participants repeated the same procedure with six new study lists, followed by another final recognition test. Following the completion of the second recognition test, all participants were fully debriefed and awarded credit for participation. A typical experimental session lasted approximately 40 min.
Design The experiment utlized a 2 (presentation duration: 500 vs. 3,000 ms) × 2 (initial test: recall vs. arithmetic) × 3 (recognition item type: studied vs. critical vs. unrelated) mixed design with duration and item type as within-subjects variables and initial test as a between-subjects variable.
Results and discussion
For all results reported, statistical significance was set at p < .05 unless otherwise noted.
Recall The proportions of correctly recalled list items, along with the proportions of critical intrusions recalled, for the 3,000-and 500-ms presentation durations for the 20 participants who completed recall tests are presented in Table 1 . Analysis of the proportions of correctly recalled items demonstrated that participants recalled 20 ± 8% (± = 95% confidence interval) more words from lists presented for a 3,000-ms duration than from lists presented for a 500-ms duration, t(19) = 9.90, SEM = .02. However, participants did not recall the mediated critical items at either presentation duration (t<1).
Recognition The proportions of studied list items, critical items, and unrelated items given an "old" response are presented in Table 2 . Two separate 2 (recall: prior recall vs. no prior recall) × 2 (duration: 3,000 vs. 500 ms) mixed factorial ANOVAs were used to examine duration and initial recall differences on hit rates and false alarms. For hit rates on studied items, the main effects of both duration and initial test were not significant (both Fs < 1); however, a significant Duration×Initial Test interaction was found, F(1, 38) = 4.14, MSE = .01. Post-hoc analyses demonstrated that initial testing marginally increased hit rates by 7 ± 9% for list items presented at 3,000 ms, t(38) = 1.74, SEM = .03, but had no effect (0 ± 11%) when items were presented for 500 ms.
A 2 (recall) × 2 (duration) × 2 (item type: critical vs. unrelated) ANOVA was used to test for false recognition for mediated CIs. As was found for hit rates, there were no main effects for either initial testing or duration (both Fs < 1); however, a significant main effect of item type was found, F (1, 38) = 11.57, MSE = .01, demonstrating that false alarms to critical nonpresented items were 11 ± 9% greater than false alarms to new unrelated items. Additionally, this main effect was qualified by a significant Initial Testing × Item Type interaction, F(1, 38) = 5.70, MSE = .01. Pairwise comparisons revealed that participants were 10 ± 5% more likely to produce false alarms to critical than to unrelated items after an initial recall test, t(19) = 3.50, SEM = .03, but showed no such elevation in false alarms to critical items (a 2 ± 5% difference) following an arithmetic task (t < 1). The three-way interaction between duration, recall, and item type failed to reach significance, F(1, 38) = 1.06, p = .31.
Interestingly, mediated false memory effects on recognition tests only occurred if participants completed an immediate recall test after the presentation of the study list. This suggests that participants completing initial recall may have engaged in a type of association-based "retrieval mode" in which they reactivated associative pathways that had been created during encoding (Meade et al., 2007; Tulving, 1983) . Such retrieval-mode processing could have then led to implicit or explicit activation of the mediated CI. For instance, as an individual encodes associatively related information such as a DRM list, the individual creates a network of associatively related concepts that are encoded in addition to the individual items themselves (Anderson & Bower, 1972) . As individuals complete a memory search, they retrieve not only the specific studied items, but also the network of associates that were active during encoding (Anderson, 1983; Hutchison & Balota, 2005; Meade et al., 2007) . According to Anderson's (1983) ACT model, when strong associates of recalled items are activated during retrieval, preexisting associative connections between these items and studied items can give the illusion that such items were studied alongside list items. When sufficient connections exist, an individual may have enough memory evidence to report that an item was presented during an earlier study session.
The use of such a retrieval mode may be particularly relevant to the present experiment, because as participants begin to recall a set of mediated items, they may in turn activate the nonpresented mediators that all converge upon the nonpresented CI, resulting in greater levels of false memory. Therefore, it is possible that the original associative network established during encoding might be strengthened (and perhaps expanded upon) when tested. This may, in turn, produce memory errors that are associatively related. In fact, Roediger and McDermott (1995) demonstrated that participants who completed an initial recall test had an increase in false alarms to the associatively related CI on a final recognition test relative to participants who completed arithmetic problems. Although this increase in CI false alarms was strongly related to falsely recalling the CI during initial testing, it is possible that initial testing also increased the associative relationships between the items, thereby inflating false alarms on the subsequent recognition test. This process may be particularly relevant for retrieval mode, in which the associations become reactivated; the completion of an initial test may increase the associative network between study items, resulting in a greater false alarm rate for indirectly associated lures through a nonpresented mediator.
In summary, the present experiment provides evidence for mediated false memories. Presenting participants with unrelated study lists all sharing nonpresented mediators that converge upon a single CI appears to inflate false alarm rates for the CI relative to an unrelated nonpresented item. Furthermore, these data support the notion that associations that occur between list items and nonpresented mediators give rise to false memory effects. Since the list items are not thematically consistent, only associative processes could explain these effects. Interestingly, this false memory effect appears to occur only on a recognition test, since the CI did not intrude for participants taking a recall test; however, it is possible that participants consciously generated the mediated CI during initial recall, but chose not to report it because they knew it was not presented during study. This would suggest that participants later had a source failure during recognition by falsely reporting the CI that had been consciously identified, yet rejected, during initial recall. This possibility was examined in Experiment 2.
Experiment 2
The primary purpose of Experiment 2 was to examine the possibility that participants might consciously generate the nonpresented CIs during study, but choose not to report them during initial recall. Additionally, Experiment 2 sought to replicate the mediated false recognition effect obtained in Experiment 1.
Method
Stimuli and procedure The same procedure and stimulus word lists used in Experiment 1 were used for Experiment 2, with the following exceptions. First, due to the lack of duration differences found in Experiment 1, the presentation duration for all list items was 2,000 ms (500-ms ISI). Second, participants were instructed to guess the critical nonpresented item following presentation of each word list. Specifically, participants were informed that the first and the last eight items of each list converged upon a single nonpresented word, and they were to try to guess this item. Following each list presentation, participants were given 60 s to report a convergent item for each of the two presented eight-item sublists. This guessing procedure took the place of the recall test and arithmetic problems used in Experiment 1. Participants were required to provide one response for each sublist, resulting in a total of two guesses for each list studied. In addition, participants were also required to provide a confidence rating for each guess, using a four-point scale (4 = very confident that this was the converging item, 3 = somewhat confident that this was the converging item, 2 = somewhat not confident that this was the converging item, 1 = very confident that this was not the converging item). As in Experiment 1, participants then completed the identical final recognition test. A typical experimental session lasted approximately 40 min.
Participants Twenty male and female Montana State University undergraduates participated in exchange for partial completion of course credit for an introductory psychology class. All participants were native English speakers with normal or corrected-to-normal color vision.
Results and discussion
CI guessing The proportions of correctly guessed critical items were calculated by taking the number of correctly guessed critical items divided by the total number of guesses provided. While scoring guess rates, a liberal criterion to score CI identification was used, since participants would often report an item that was synonymous to the nonpresented CI but not report the exact item (i.e., reporting "dim" when the correct CI was "dark"). This criterion was adopted in order to assess the possibility that the participant was conceptually aware of the CI during list presentation. It is important to note that this liberal criterion was not used for the recall tests in our other experiments. As is standard in the DRM literature, items in the recall tests were judged as recalled only if the word itself was recalled, not if a related word was recalled. Correct guess rates were analyzed by comparing the proportion to zero using a single-sample t test. As can be seen in Table 3 , participants were significantly able to guess the CI about 5 ± 2% of the time, t(19) = 5.00, SEM = .01. Therefore, when participants were instructed about the CI prior to the presentation of each list, the CI (or a similar concept) could occasionally be successfully identified. However, even under such instructional conditions, correct identification was a rare occurrence.
Confidence ratings were also examined for CIs that were correctly and incorrectly guessed; the mean rating for correctly guessed CIs is also reported in Table 3 . Participants reported slightly greater confidence for correctly guessed CIs (M = 2.37) than for incorrect items (M = 1.83); however, this difference was only marginally significant, t (31) = 1.78, SEM = 0.31, p = .09. In terms of the scale used to make these judgments, participants were not very confident that their reported guess was correct, and this was similar for both correct and incorrect guesses. Taken together, participants were very seldom able to guess the nonpresented CI, and even these rare correct guesses were made with little confidence. This pattern suggests that the presentation of these stimuli did not bring the mediated CI to mind consciously during initial study.
Recognition Proportions of studied list items, critical items, and unrelated items given an "old" response are presented in Table 3 . In order to examine recognition differences, a repeated measures ANOVA was used to assess item type differences. A main effect of item type was found, F(2, 38) = 120.67, MSE = .01, demonstrating that differences in the proportions of "old" responses depended on the types of test items. Pairwise comparisons revealed that correct responses to list items were 53 ± 8% greater than false alarms to unrelated items, t(19) = 13.56, SEM = .03, and 37 ± 8% greater than false alarms to CIs, t(19) = 9.85, SEM = .03. Critically, differences were also found between false alarms for CIs and unrelated items, such that participants were 15 ± 6% more likely to produce a false alarm to CIs than to unrelated items, t(19) = 5.78, SEM = .03.
One interesting finding from the recognition data in the above experiment is the replication of the initial-testing condition from Experiment 1 using different instructions. According to the data, it appears that instructing participants to attempt to guess the nonpresented CI after the presentation of each mediated list produced a significant false recognition effect similar to when participants completed an initial recall test (cf. Table 2 ). This pattern suggests that the processes involved in testing and attempting to guess the nonpresented item may be similar, in that they both increase later false recognition. Both completion of a recall test and guessing may have caused participants to engage in a retrieval mode in which the associative activation that was established during list presentation became reactivated during test.
Experiment 3
One potential issue with the above experiments is that the high levels of false alarms to critical items, relative to unrelated items on the recognition test, may have actually been due to differences in item characteristics. Although unrelated items were carefully selected to control for differences in frequency and word length relative to list items, these unrelated items were not matched to the critical items. Characteristics of certain items have been shown to influence memory performance in both recall and recognition (Cortese, Khanna & Hacker 2010) , which may mask any performance differences. Indeed, Neely, Johnson, Neill and Hutchison (1999) demonstrated recognition false alarm differences between critical items and list items even following unrelated study lists, suggesting that part of the traditional "false memory" effect is due simply to differences in item characteristics between the list items and critical items. To control for such potential item confounds, the recognition test was restructured so that critical items from lists that were not viewed by participants were used as unrelated test items during recognition.
Method
Stimuli and procedure The stimuli and procedure for Experiment 3 were identical to those in Experiment 1, except that all list items were presented for 2,000 ms (500-ms ISI). First, participants only viewed half of the word lists (six 16-item word lists), immediately followed by a 60-s recall test or arithmetic problems, followed by a final recognition test. Additionally, the recognition test was modified from earlier experiments to include different test items, such that participants were tested with one critical nonpresented item from a presented list, one studied list item, one critical item from a nonpresented list, and one list item from a nonpresented list for each of the 12 presented word lists, resulting in a recognition test of 48 total items. A typical experimental session lasted approximately 20 min.
Participants Seventy male and female Montana State University undergraduate students participated in exchange for partial course credit for an introductory psychology class. All participants were native English speakers with normal or corrected-to-normal color vision.
Results and discussion
Recall The proportions of correctly recalled list items, along with the proportions of critical intrusions recalled, for the 35 participants who completed the recall test are presented at the top of Table 4 . A single-sample t test was completed on the proportion of critical intrusions to determine whether the intrusion rate differed significantly from zero. As in Experiment 1, participants did not intrude CIs during recall (M=.00), and this proportion did not differ significantly from zero, t(34) = 1.445, SEM = .01, p = .16.
Recognition The proportions of studied list items, critical items from studied lists, list items from nonpresented lists, and critical items from nonpresented lists are presented in Table 4 . First, to examine differences between the two types of list items, a 2 (recall: prior recall vs. no prior recall) × 2 (item type: presented list items vs. nonpresented list items) mixed ANOVA was used to examine the proportions of "old" responses given to test items. A main effect of item type was found, F(1, 68) = 562.37, MSE = .02, demonstrating that participants were 57 ± 5% more likely to correctly respond "old" to presented list items than to nonpresented list items. The main effect of recall failed to reach significance, F < 1, as did the interaction between item type and recall, F(1, 68) = 2.69, MSE = .02, p = .11, demonstrating that differences in list items were not contingent upon whether or not participants completed an initial recall test. The lack of differences between recall conditions does not replicate the testing differences in Experiment 1, but the data are numerically in the same direction. Critically, to determine differences between "old" responses between CIs from presented and from nonpresented lists, a 2 (recall: prior recall vs. no prior recall) × 2 (item type: presented list critical items vs. nonpresented list critical items) mixed ANOVA was used. Importantly, a main effect of item type was found, F(1, 68) = 7.96, MSE = .02, demonstrating that "old" responses given to CIs from presented word lists were 6 ± 5% greater than "old" responses given to CIs from nonpresented lists, confirming that mediated false memory effects were not simply due to item differences between CIs. Somewhat surprisingly, however, the main effect of recall failed to achieve significance (p = .31), since the completion of a recall test did not elevate the probability of "old" responses to CIs. This pattern of results is inconsistent with Experiment 1, although similar to the pattern for list items; the pattern is also numerically consistent with Experiment 1. The interaction between item type and recall failed to reach significance, F < 1.
One additional finding of interest in the present study is the difference in false alarm rates between the two types of unrelated items from nonpresented lists. As mentioned above, the impetus for this experiment was to determine whether false memory effects could potentially be masked by item differences found between critical items. Although data from the present experiment effectively demonstrate that item effects alone cannot account for increased false recognition of CIs, there was evidence for an influence of item characteristics on "old" responses to nonpresented stimuli. Specifically, the participants were 4 ± 2% more likely to incorrectly respond "old" to nonpresented critical items than to nonpresented list items, t(69) = 2.20, SEM = .02, which suggests that false alarm differences may be due in part to the lexical characteristics of the items themselves, inducing participants to erroneously report having studied the item previously.
General discussion
Several findings from the present series of experiments were of particular importance to DRM false memory research. First, as shown in all three experiments, false memory effects were demonstrated using list items that were not directly related to a nonpresented CI, but instead were related to several mediating items that all converged upon a single, nonpresented item. Second, in Experiments 1 and 3, CIs were not reported when participants completed a recall test, and further, these CIs were not guessed even when participants were explicitly informed about the relationship between the word list and the nonpresented item in Experiment 2, suggesting that the structure of mediated word lists did not allow for conscious generation of the CI. Most importantly, false memory effects did occur, but only on a final recognition test, where participants were more likely to produce false alarms to the nonpresented CI than to unrelated items. Finally, this effect occurred even when item effects were controlled.
This study is the first to report an increase in false alarms for critical nonpresented items using word lists that contain no associations between list items themselves and no direct association between study items and the CI. We suggest that the cause of the mediated false memories with these lists is due to spreading activation processes. Specifically, as participants are studying a word list, they not only encode each specific item, but also encode the associative semantic network, which includes related concepts. By using mediated study items that are indirectly related to a single CI, this CI also becomes encoded through association. When an individual becomes actively engaged in retrieval-mode processes through which the specific studied items become reactivated along with the associative network created during encoding, this reactivation gives rise to false memories that do not share a direct association with studied items.
Two potential moderators that were demonstrated to have unreliable effects in inflating or deflating mediated false memories were presentation duration and implied warnings. In Experiment 1, no differences were found between presentations of 3,000 and 500 ms, which suggests that mediated spreading activation processes occur relatively quickly. In Experiment 2, participants were informed of the experimental purpose followed by a final recognition test. These instructions made participants aware of the relationship with the CI, which could have been an implied warning. Nonetheless, false alarms to CIs were elevated in this experiment, similar to the initial-testing condition in Experiment 1. It is possible, however, that a more explicit warning of the false memory effect and that nonpresented CIs might be presented on the recognition test could have differentially affected false memories, and participants may then have been able to effectively monitor the source of the activated CI, thus reducing false alarms.
The mediated nature of the list items and CIs provided evidence that the associative network created during encoding was reactivated during retrieval, which elevated false alarm rates to CIs relative to control items. Furthermore, this retrieval-mode process was not sensitive to the quality of the original memory for the specific study items, since false alarms to the activated CIs were the same across study durations in Experiment 1. However, encoding durations did play a role in both correct recall and hit rates on final recognition tests, since these measures were diminished with less encoding time. Therefore, it is probable that mediated association and encoding duration influence independent processes. Although this possibility was not a focus in the present study, the dissociation between hit rates and false alarms in regard to encoding durations is interesting.
Additionally, this study found item differences in false alarms between nonpresented CIs and nonpresented unrelated items that were initially used for control items. Experiment 3 demonstrated that not only were false alarms to CIs from studied lists reliably greater than false alarms to CIs from nonstudied lists, but that false alarms to CIs from nonstudied lists were also reliably greater than false alarms to unrelated items from the nonpresented lists. This pattern demonstrates that specific characteristics of the items used can differentially influence the probability at which participants respond "old" (cf. Cortese et al., 2010 , for a review of item characteristics and their tendency to influence hit rates and false alarms on recognition tests).
Furthermore, these experiments effectively examined the associative activation and gist extraction hypotheses of episodic false memory. Our word lists were engineered such that individual items did not share a common gist theme, but instead were associatively related to mediators that were then associatively related to the nonpresented CI. If gist extraction processes were to play a role in episodic false memory, then thematic consistency would have to be present. In all three experiments, we found significant false recognition for the CI relative to control items using lists lacking a common theme. Therefore, only the associative activation account could successfully predict this pattern. These data support findings reported by Hutchison and Balota (2005) and Howe, Wimmer, Gagnon and Plumpton (2009) .
It is important to note that, although these data support associative activation, they cannot effectively rule out gist extraction processes when a consistent theme is present. For instance, when a consistent theme between study items is available, both associative processes and gist extraction could be in effect. In order to entirely rule out gist extraction processes, researchers would have to demonstrate a lack of false memories using stimuli that are thematically consistent but that lack any associative relationships, either direct or indirect. This endeavor of creating stimuli possessing a consistent theme and no associative relationships would be difficult to accomplish, if not impossible. Therefore, these experiments effectively demonstrate that false memories can occur in the absence of gist extraction through associative activation processes, but cannot entirely rule out gist extraction when themes between study items are present.
Recent studies have also attempted to partial out the contributions of gist retrieval and associative mechanisms. For instance, Brainerd et al. (2008) reexamined the variables used in Roediger et al.'s (2001) regression analysis to predict false memories in the DRM paradigm, and they added several new semantic variables for both studied items and CIs. Using a factor analysis, the semantic variables of familiarity and meaningfulness loaded highly with false recall and false alarms for CIs on the same factor, which is consistent with the notion that intrusions and false alarms of the CI involve the retrieval of semantic information. However, BAS also loaded highly on this factor, once again highlighting the importance of associative relationships between studied items and CIs for this illusory effect. Because association strength in association norms is confounded with semantic similarity (Hutchison, 2003) , the authors suggested that this associative pattern may have been due to the semantic relations between study items and the CI rather than to associative connections.
However, the factor-analytic approach used by Brainerd et al. (2008) presents a problem for their strong conclusions. The rationale for the use of a factor analysis was to reduce the complications of muliticollinearity that potentially occur with regression analyses; however, this method restricted the ability to determine the individual contributions of specific factors, and no effort was made to examine the effects of BAS while controlling for the CI semantic factors of familiarity/meaningfulness, or vice versa. In contrast, a regression analysis would have been more likely to identify the relative and unique contributions of each variable in predicting false memory.
Another purpose of the present study was to examine how completing an initial recall test could influence false alarm rates on a final recognition test. If an initial test embellishes upon and strengthens the associative network created during encoding, one would expect that mediated CI false alarms would increase when participants completed the initial recall test rather than arithmetic problems. Evidence supporting this rationale was found in Experiment 1, in which inflated CI false alarms were demonstrated by participants completing an initial recall test; however, in Experiment 3, no significant difference was found between recall conditions. A 2 (recall: prior recall vs. no prior recall) × 2 (item type: critical vs. unrelated items) mixed ANOVA was used to examine the overall effect of initial testing, collapsing across Experiments 1 and 3. Nonpresented critical items were used as unrelated items for Experiment 3. A main effect of item type was found, F(1, 108) = 16.04, MSE = .02, demonstrating that false alarms to CIs were 7 ± 3% greater than false alarms to unrelated items; however, the interaction between recall and item type failed to reach significance, F(1, 108) = 1.84, p = .18, demonstrating that the completion of an initial test did not increase false alarms to CIs when collapsing across experiments. This pattern is likely due to the lack of initialtest differences in the results of Experiment 3, which was not altered when combined with the significant testing difference found in Experiment 1. Future research will need to explore whether this effect is truly conditionalized on the completion of a prior recall test or attempting to guess the CI after study.
While the influence of a recall test may affect subsequent recognition, attempting to guess the CI may also play a role in subsequent recognition performance. To explore this possibility, cross-experimental analyses examining the differences in corrected false recognition to CIs revealed that attempting to guess the CI did not elevate these false alarms relative to completing a recall test. Although participants attempting to guess CIs in Experiment 2 numerically increased CI false alarms (M = .15), this increase was not reliably greater than Experiment 1 (M = .11) or 3 (M = .11) when nonpresented list items were used as a control.
To the extent that guessing or completing an initial recall test influences mediated false memories, it is possible that as participants study a mediated word list, they generate some of the associatively related mediators that directly converge upon the nonpresented CI. To explore this possibility, we examined whether the nonpresented mediators intruded during recall (Exps. 1 and 3) or whether the participants guessed the nonpresented mediators during the guessing procedure (Exp. 2). In both cases, participants rarely produced these mediators, either during recall testing or when guessing (less than 1% of total responses in all experiments), and therefore it is unlikely that conscious awareness of the mediators is the cause of this increased effect.
One caveat worth noting is the relatively small false memory effects with mediated lists, relative to the robust effects found within the DRM paradigm. In fact, although the demonstration of false recognition in the absence of study themes is evidence against fuzzy-trace theory, the reduction in false memory relative to typical DRM paradigms is consistent with this theory. Specifically, fuzzy-trace theory suggests that the greater thematic consistency of DRM lists should lead to greater false memory effects than the weak ones found using the present mediated lists. Similarly, finding mediated false memory on recognition but not recall tests may also demonstrate the importance of theme availability for CI intrusions in recall. Alternatively, the strong BAS and thematic consistency in standard DRM lists might cause the critical item to come to mind consciously, whereas the study lists in the present experiment were all seemingly unrelated, creating more implicit activation of the CI. Unfortunately, however, because type of test is confounded with retention interval in the present paradigm, it is unknown whether the lack of false mediated recall is due to the type of test itself or to participants' memory strength for the presented material relative to the CI. Future studies that include a final recall test and/or immediate recognition tests would help clarify potential differential effects of mediated lists on false recall versus recognition.
Importantly, however, the associative activation hypothesis also predicts reduced false memory for mediated lists, due to the considerable reduction in associative strength found with mediated items relative to the more direct associations in DRM lists. If we examine the Roediger et al. (2001) regression data from standard DRM lists, false recall for the 8 lists with a BAS of .01 or lower was only 9%, which is greatly reduced relative to the 34% obtained for the other 46 lists. Although 9% is certainly above our present mediated rate of 0%, BAS was still above zero in those lists, and forward associative strength (from the CI to the list items) averaged .04. Similar to the recall data, the false alarm rate for the 8 weak BAS standard DRM lists was 42%, which is in between the 62% obtained for their other 46 lists and the rates in the present study (.25-.31, .43, and .27-.30 for the conditions in our Exps. 1-3, respectively).
In addition, in standard DRM lists, the CI often serves as a mediator connecting list items (e.g., bed-sleep-rest), allowing for more CI activation, especially when participants engage in relational processing, as they are more likely to do when expecting a recall test (Hunt & Einstein, 1981) . This may occur even for weak-BAS lists (e.g., fastswift-Jonathan or light-lamp-shade) in which the CI would not normally be the first item to come to mind on the basis of any single list item alone. This type of associative linking between list items was described in detail in Anderson and Bower's (1972, 1973) FRAN and HAM models. Within this framework, participants create associative pathways during study that connect list items to one another, and these pathways often contain related but nonpresented items. This allows associated items to become entrenched within the associative network established during study. This pathway-marking process is conceptually similar to fuzzy-trace theory's gist extraction, except that pathway marking focuses on identifying connections between two list items rather than searching for an overall gist-acrossthe-list. Importantly, either of these processes should only occur with standard, rather than mediated, DRM lists.
Finally, in the present paradigm participants were presented with one list made up of two sublists that each converged upon independent CIs. This type of presentation could have weakened either gist extraction or associativebased encoding processes. It is hoped that future studies will expand upon the present paradigm so we may understand more thoroughly the necessity of thematic consistency versus associations in producing false memory.
In sum, the present experiments are the first to examine memory errors using stimuli lacking a direct relationship to a CI. When stimuli were related to mediators that directly converged upon a nonpresented CI, the evidence demonstrated an increase in false alarms for CIs. This finding demonstrates that mediated associations can create false memory errors even in the absence of thematic gist, therefore providing evidence for associative activation processes in the formation of episodic false memories. 
